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Description 

[0001 ] The present invention relates to an engine con- 
trol system for controlling a start of an engine according 
to the preamble of claim 1 . An engine control system of 5 
such type is shown in US 5,495,127. Said prior art doc- 
ument discloses a starting apparatus for an engine, a 
generator/motor device capable of starting an engine by 
motor operation when energised by energization current 
and generating electrical power by generator operation 10 
when driven by said engine, a crank angle sensor for 
detecting crank angle of said engine and a power control 
unit for switching operational modes. 
[0002] Instead of an ordinary dc starting motor, some 
starting systems employ an ac motor/generator having is 
a function of power generation in addition to a function 
of motor. In an example shown in Japanese Patent 
Kokai Publication No. H7-1 19594, a motor/generator is 
directly connected with a crankshaft of an engine. 

20 

SUMMARY OF THE INVENTION 

[0003] it is an object of the present invention to pro- 
vide apparatus for controlling a start of an engine so as 
to effectively restrain an overshoot in the engine speed. 25 
[0004] It is another object of the present invention to 
provide apparatus capable of preventing an overshoot 
with an adequate timing for starting power generation of 
a motor/generator and with an adequate power gener- 
ating quantity for effectively preventing overshoot. 30 
[0005] According to the present invention, an engine 
control system comprises: an engine for a vehicle; a mo- 
tor/generator having a drive mode for driving the engine 
to start the engine and a power generation mode for con- 
verting mechanical energy from the engine into electric 35 
energy; a first input device for producing a vehicle start 
command signal; a second input device for determining 
an engine revolution speed of the engine; and a control- 
ler for starting an engine cranking operation to start the 
engine by operating the motor/generator in the drive <o 
mode In response to the start command signal, for 
measuring a time from a start of the engine cranking op- 
eration until the engine speed reaches a predetermined 
engine speed value, for calculating an electric power 
generation quantity in accordance with the time, and for *s 
controlling the power generation of the motor/generator 
in accordance with the power generation quantity after 
the arrival of the engine speed at the predetermined en- 
gine speed value. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] 

Fig. 1 Is a schematic view showing an engine con- ss 
trol system according to a first embodiment of the 
present invention. 

Fig. 2 is a flowchart showing a control process ac- 



cording to the first embodiment. 

Fig. 3 is a graph showing a characteristic of a power 

generation torque used in the control process of Fig. 

2. 

Fig. 4 is a timing chart for illustrating operations of 
the control system according to the first embodi- 
ment by solid lines in comparison with a starting 
system having no control shown by two dot chain 
lines. 

Fig. 5 is a flowchart showing a control process ac- 
cording to a second embodiment of the present in- 
vention. 

Fig. 6 is a timing chart for illustrating operations of 
the control system according to the second embod- 
iment. 

Fig. 7 is a flowchart showing a control process ac- 
cording to a third embodiment. 
Fig. 8 is a timing chart for illustrating operations of 
the control system according to the third embodi- 
ment. 

Fig. 9 is a flowchart showing a control process ac- 
cording to a fourth embodiment. 
Fig, 1 0 is a timing chart for illustrating operations of 
the control system according to the fourth embodi- 
ment. 

DETAILED DESCRIPTION OF THE INVENTION 

[0007] Fig. 1 schematically shows a vehicle equipped 
with an engine control system (or an engine start control 
system) employed in illustrated embodiments of the 
present invention. The engine control system is a com- 
bination of a controlling system and a controlled system. 
[0008] As shown in Fig. 1 , a motor/generator 2 is con- 
nected between an engine 1 and a transmission 3. The 
motor/generator 2 is a machine combining a function of 
electric motor and a function of electric generator. 
[0009] The motor/generator 2 of this example is di- 
rectly connected with a crankshaft of the engine 1 , so 
that the motor/generator 2 rotates synchronously with 
the engine 1 . The transmission 3 of this example is a 
continuously variable automatic transmission (CVT) in- 
cluding a torque converter 4, a forward-reverse clutch 5 
and a belt type continuously variable transmission 6. 
The driving torque of the engine 1 is transmitted through 
the transmission 3 to a drive shaft 7 and a drive wheel 
8 of the vehicle. 

[0010] In place of the direct driving connection be- 
tween the engine 1 and the motor/generator 2, it is pos- 
sible to employ a belt drive or a chain drive between the 
crankshaft of the engine 1 and the motor/generator 2. 
The transmission 3 may be a multi-speed transmission 
such as an automatic transmission having an automatic 
shifting planetary gear train, instead of the CVT trans- 
mission. 

[0011] An electric power control unit 12 switches an 
operating mode of the motor/generator 2 between a 
driving mode (or motor mode) and a driven mode (gen- 
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erator mode). Moreover, the power control unit 12 con- 
trols the supply of electric power from a battery 13 to the 
motor/generator 2 in the driving mode, and further con- 
trols the power generation of the motor/generator 2 and 
the charge of the battery 13 in the driven mode. 5 
[0012] A revolution sensor 9 is a sensor for sensing a 
revolution speed of at least one of the engine 1 and the 
motor/generator 2. In this example, the revolution sen- 
sor 9 is in the form of a crank angle sensor. A sensor 
signal from the revolution sensor 9 is supplied to a start io 
control unit 10. 

[0013] A brake sensor 1 1 senses a depression degree 
of a brake pedal of the vehicle. A sensor signal from the 
brake sensor 11 is supplied to the start control unit 10. 
[0014] In accordance with the sensor signals from the is 
revolution sensor 9 and the brake sensor 11, the start 
control unit 10 delivers, to the power control unit 1 2, tar- 
get torque and target revolution speed for the motor/ 
generator 2, and thereby controls the start of the engine 
1 by controlling the motor/generator 2 through the power 20 
control unit 12. 

[0015] The start control unit 1 0 of this example is pro- 
vided in an engine control unit. However, it is optional 
to provide the start control unit 10 in an integrated con- . 
trailer for controlling the entirety of the vehicle power ss 
train. 

[0016] This start control system can be used as a 
main component of an automatic engine stop-restart 
system. When the vehicle is brought to a stop after an 
engine warm-up operation, the engine control system 30 
stops the engine temporarily by shutting off the fuel in- 
jection after the elapse of a predetermined amount of 
time if the brake pedal is depressed by the driver, the 
vehicle speed is approximately equal to zero km/h, and 
the engine speed is equal to an idle speed. Thereafter, 3s 
when the driver releases the brake pedal (with the select 
lever being in a drive range etc.), the engine control sys- 
tem restarts the engine according to the start control 
process of this embodiment as shown in Fig. 2. In this 
example, the fuel injection and the ignition for the engine <o 
is controlled by the engine control unit. 
[0017] At steps S1 and S2, the start control unit 10 
checks if there is an engine start command. In this ex- 
ample, the start control unit 1 0 reads the brake signal at 
the step S1 , and affirms the existence of an engine start *s 
command, at the step S2, when the brake sensor signal 
turns off (by release of the brake pedal). 
[0018] When the brake pedal is released and hence 
the brake sensor signal turns off, the start control unit 
1 0 proceeds to steps S3 ~ S5 for setting a target revo- so 
lution speed Ni for the engine 1 , drives the motor/gen- 
erator 2 so as to achieve the target revolution speed Ni 
and starts a counting operation of a timer. In this exam- 
pie, the target revolution speed Ni is set equal to an idle 
speed of the engine 1 (700 rpm, for example). 55 
[0019] In this case, the driving torque of the motor/ 
generator 2 is controlled so as to make the input torque 
of the torque converter 4 of the automatic CVT trans- 



mission 3 equal to a torque corresponding to the force 
of creep. When the engine revolution speed Ne increas- 
es to a predetermined speed, the engine control system 
starts the fuel injection to fire the engine, and decreases 
the driving torque of the motor/generator 2. 
[0020] At steps S6 and S7, the start control unit 10 
checks if the engine 1 has reaches a complete explosion 
state, by checking if the engine speed Ne determined 
from the sensor signal from the revolution sensor 9 has 
reached the target revolution speed Ni. 
[0021] When the engine speed Ne becomes equal to 
orgreaterthan Ni, the start control unit 10 stops the timer 
count at a step S8, calculates a power generation quan- 
tity (power generation torque) Tg of the motor/generator 
2 in accordance with the count t1 of the timer at a step 
S9, and switches the control mode of the motor/gener- 
ator 2 to the power generation mode, at a step S10, to 
achieve the calculated power generation torque Tg. 
[0022] Thus, this control system controls the motor/ 
generator 2 to generate power so as to absorb an ex- 
cess of engine torque, and thereby restrains an increase 
of the engine speed Ne. 

[0023] The power generation torque Tg is determined 
from the time t1 from the start of the engine cranking 
operation to the time point at which the engine speed 
Ne becomes equal to or greater than Ni, by lookup from 
a map having a characteristic as shown in Fig. 3. In an 
initial stage of the engine cranking operation, the intake 
negative pressure (or intake vacuum) of theengine does 
not build up well, so that the intake air is sucked suffi- 
ciently. Accordingly, the generated engine torque be- 
comes relatively large. With the elapse of time, the in- 
take vacuum becomes stable, and the generated engine 
torque becomes constant orsteady. Therefore, the pow- 
er generation torque Tg is set equal to a large value to 
absorb a relatively large engine torque when the count 
time t1 is small. As thecount time t1 increases, the pow- 
er generation torque Tg decreases and converges to a 
predetermined constant value. The power generation 
quantity Tg in the example shown in Fig. 3 decreases 
monotonically as the quantity t1 representing the time 
from a start of the cranking operation to the arrival at the 
target engine speed Ni increases. 
[0024] After the start of power generation by the mo- 
tor/generator 2 at the step S10, the start control unit 10 
checks, atstepsSH and S12, whether a difference (Ne 
- Ni) between the sensed engine speed Ne and the tar- 
get engine speed Ni is equal to or lower than a prede- 
termined difference value ANi. 
[0025] When the difference (Ne - Ni) between the 
sensed engine speed Ne and the target engine speed 
Ni becomes equal to or lower than the predetermined 
difference value ANi, the start control unit 10 proceeds 
from the step S12 to steps S13 and S14 to control the 
revolution speed. In this speed control operation, the 
control system controls the drive and power generation 
of the motor/generator 2 in accordance with the differ- 
ence between the sensed engine speed Ne and the tar- 
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get speed Ni so that the sensed engine speed Ne be- 
comes equal to the target speed NI. Thus, the control 
system performs this speed control operation to reduce 
the deviation of the sensed engine speed Ne from the 
target speed Ni to zero, by controlling the drive and pow- 
er generation of the motor/generator 2. 
[0026] Then, at steps S1 5 - S1 9, the start control unit 
1 0 monitors the difference between the sensed engine 
speed Ne and the target speed Ni, and a torque com- 
mand representing a target torque Ts of the motor/gen- 
erator 2, and terminates the control of the drive and pow- 
er generation of the motor/generator 2 when the differ- 
ence between the sensed engine speed Ne and the tar- 
get speed Ni is equal to or smaller than the predeter- 
mined value ANi, and whether the target torque Ts of the 
motor/generator 2 is equal to or smaller than a prede- 
termined value ATs. 

[0027] The thus-constructed start control system can 
sufficiently reduce the amount of overshoot in the en- 
gine revolution speed during engine starting operation. 
This start control system commands the motor/genera- 
tor 2 to start the engine 1 in response to an engine start 
command. The engine 1 is cranked by the motor/gen- 
erator 2 to a complete explosion, and increases its rev- 
olution speed smoothly to the target speed Ni, as shown 
in a timing chart of Fig. 4. The engine speed smoothly 
settles down to the target speed Ni with no excessive 
increase. 

[0028] When the engine speed Ne reaches the target 
idle speed Ni, the motor/generator 2 is switched to the 
power generation mode (before the occurrence of over- 
shoot), and the power generation quantity Tg is set on 
the basis of the time t1 from the start of the engine crank- 
ing operation to the arrival at the target speed Ni. There- 
fore, this control system can restrain the overshoot of 
the engine revolution adequately by preventing the en- 
gine speed from exceeding the idle speed Ni excessive- 
ly. 

[0029] When, afterthe control of overshoot, the differ- 
ence between the sensed engine speed Ne and the tar- 
get idle speed NI becomes equal to or smaller than the 
predetermined value ANi, the control system controls 
the motor/generator 2 in the drive mode or the power 
generation mode in accordance with the difference be- 
tween the sensed engine speed Ne and the target speed 
Ni so as to reduce the difference to zero. Consequently, 
the engine speed smoothly approaches to the target 
speed, and the control system terminates the control of 
the drive and power generation of the motor/generator 
2 quickly. 

[0030] Thus, this control system can prevent a shock 
in engine starting, smoothly increase the driving force 
in vehicle starting, and improve the reliability of the au- 
tomatic engine stop and restart system. 
[0031] Fig. 5 shows a control process according to a 
second embodiment of the present invention. In the sec- 
ond embodiment, the motor/generator 2 is switched to 
the power generation mode when the engine revolution 



speed Ne reaches a predetermined cranking speed. 
[0032] At steps S21 and S22, the start control unit 1 0 
checks if there is an engine start command, as in the 
steps S1 and S2 of Fig. 2. 

5 [0033] When there is an engine start command, the 
start control unit 1 0 determines a target cranking speed 
NiL for the engine 1 at a step S23, drives the motor/ 
generator 2 so as to achieve the target cranking speed 
NiL, and starts the timer counting. The target cranking 

to speed NiL is set at a value smaller than the target idle 
speed Ni. For example, the target cranking speed is set 
about 500 rpm (a complete explosion speed) whereas 
the target idle speed Ni is 700 rpm. 
[0034] When the engine speed reaches a predeter- 

is mined engine speed, the control system starts the fuel 
injection, fires the engine 1 , and decreases the driving 
torque of the motor/generator 2. 
[0035] At steps S26 and S27, the start control unit 1 0 
checks if the engine speed Ne becomes equal to or 

20 greater than the cranking speed NiL. 

[0036] When the engine speed Ne reaches the crank- 
ing speed NiL, the start control unit 1 0 proceeds to steps 
S28 ~ S30, at which the start control unit 1 0 terminates 
the timer counting, determines a power generation 

25 torque TgL in accordance with the count time T2 and 
switches the motor/generator 2 to the power generation 
mode to achieve the calculated power generation torque 
TgL. 

[0037] Thus, when the engine speed Ne reaches the 
30 cranking speed NiL lowerthan or equal to the kfle speed, 
the control system switches the operating mode of the 
motor/generator 2 from the drive mode to the power 
generation mode to absorb an excess of the engine 
torque. 

35 [0038] The power generation torque TgL is deter- 
mined from the time interval t2 from the start of the en- 
gine cranking to the arrival of the engine speed at the 
cranking speed NiL, by lookup from a map having a 
characteristic similar to the characteristic shown in Fig. 

40 3. The power generation torque TgL decreases monot- 
ontcaily and smoothly with increase in the time interval 
t2 like the power generation torque Tg as shown in Fig. 
3. 

[0039] If the engine 1 is in a state of complete explo- 
45 sion, the engine speed increases continuously after the 
start of power generation by the motor/generator 2. The 
start control unit 1 0 checks if the difference between the 
engine speed Ne and the target idle speed Ni (700 rpm 
in this example) is equal to or smaller than the prede- 
50 termined value ANi at steps 31 and S32. 

[0040] When the absolute value of the difference be- 
tween Ne and Ni becomes equal to or smaller than the 
predetermined value ANi, the start control unit 10 pro- 
ceeds to steps S33 and S34, and performs the speed 
55 control by the drive and power generation of the motor/ 
generator 2 in accordance with the difference between 
Ne and Ni. 

[0041] If the absolute value of the difference between 
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the engine speed Ne and the target idle speed Ni is 
greater than the predetermined value ANl, the start con- 
trol unit 10 proceeds from the step S32 to a step S40, 
and checks at the step S40 If the engine speed Ne is 
equal to or higher than a predetermined engine stali 
judging speed Nie. If Ne is lower than Nie, the start con- 
trol unit 1 0 judges that the engine 1 is not in the state of 
complete explosion, and returns to the step S21 to re- 
peat the cranking operation of the steps S23 and the 
subsequent steps. 

[0042] After the step S34, the start control unit 10 
monitors the engine speed Ne and the target torque Ts 
of the torque command for the motor/generator Ts at 
steps S35 - S39, and terminates the drive and power 
generation control of the motor/generator 2 when the dif- 
ference between Ne and Ni becomes equal to or smaller 
than the predetermined value ANi and at the same time 
the target torque Ts of the torque command is equal to 
or smaller than the predetermined value ATs. 
[0043] When the absolute value of the difference INe 
- Nil between Ne and Ni becomes greater than ANi, the 
start control unit 1 0 proceeds from the step S36 to a step 
S41 , and checks at the step S41 if the engine speed Ne 
is equal to or higher than the predetermined engine stall 
judging speed Nie. If Ne is lower than Nie, the start con- 
trol unit 1 D judges that the engine 1 is not in the state of 
complete explosion, and returns to the step S21 to re- 
peat the cranking operation of the steps S23 and the 
subsequent steps. 

[0044] The start control system according to the sec- 
ond embodiment can prevent the engine speed from ex- 
ceeding the target idle speed Ni and thereby suff iciently 
reduce the amount of overshoot in the engine revolution 
speed during engine starting operation, as shown in Fig. 
6. When the engine speed Ne reaches the cranking 
speed NiL, the control system switches the motor/gen- 
erator 2 to the power generation mode, and causes the 
motor/generator 2 to absorb an abrupt torque increase 
due to complete explosion in the engine 1 . The engine 
speed Ne increases smoothly up to the target idle speed 
Ni. 

[0045] Thus, this control system-can prevent a shock 
in engine starting, and increase the driving force in ve- 
hicle starting. 

[0046] Moreover, when the explosion is incomplete, 
this control system can prevent an engine stall due to 
changeover of the motor/generator 2 to the power gen- 
eration mode. 

[0047] Fig. 7 shows a control process according to a 
third embodiment of the present invention. When the en- 
gine revolution speed Ne reaches the predetermined 
cranking speed, the control system according to the 
third embodiment switches the operating mode of the 
motor/generator 2 between the drive mode and the pow- 
er generation mode while monitoring the engine speed, 
and thereby increases the engine speed to the target 
idle speed. 

[0048] At steps S51 end S52 shown in Fig. 7, the start 



control unit 10 checks if there is an engine start com- 
mand, as in the steps S1 and S2 of Fig. 2. 
[0049] When there is an engine start command, the 
start control unit 1 0 determines a target cranking speed 
5 NiL (500 rpm in this example) for the engine 1 at a step 
S53, and drives the motor/generator 2 so as to achieve 
the target cranking speed NiL at a step S54. 
[0050] When the engine speed reaches a predeter- 
mined engine speed, the control system starts the fuel 

10 injection, fires the engine 1 , and decreases the driving 
torque of the motor/generator 2. 
[0051] At steps S55 and S56, the start control unit 10 
checks if the engine speed Ne becomes equal to or 
greater than the cranking speed NiL. 

15 [0052] When the engine speed Ne reaches the crank- 
ing speed NiL, the start control unit 1 0 proceeds to steps 
S57 ~ S62, and controls the motor/generator 2 in the 
drive mode and the power generation mode so as to in- 
crease the engine speed gradually. The start control unit 

20 10 sets a (transient) target engine speed Nis at the step 
S57, and controls the drive and power generation of the 
motor/generator 2 in accordance with the engine speed 
Ne and the target speed Nis so that the sensed speed 
follows up the target speed Nis. The target speed Nis is 

25 gradually increased by adding a predetermined amount 
ANis to the cranking speed NiL once in each cycle of a 
predetermined period. 

[0053] When the absolute value of the difference be- 
tween Ne and Ni is greater than ANi, the start control 

20 unit 1 0 proceeds from the step S60 to the steps S61 and 
S62. At the step S61 , the target speed Nis is increased 
by the predetermined amount ANis. Then, the predeter- 
mined period is measured by counting at the step S62. 
After the step S62, the start control unit lOretums to the 

35 step S58. 

[0054] Thus, this control system controls the motor/ 
generator 2 in the power generation mode to restrain a 
sharp increase in the engine speed Ne when the com- 
bustion in the engine is in a good state, and switches 

to the motor/generator 2 from the power generation mode 
to the drive mode in response to a decrease of the en- 
gine speed below the target speed Nis to meet the in- 
complete explosion and undesired variation in the rev- 
olution speed. In this case, the control system deter- 

45 mines the power generation torque and the drive torque 
of the motor/generator 2 in accordance with the engine 
speed Ne and the target speed Nis. 
[0055] When the absolute value of the difference be- 
tween the engine speed Ne and the target idle speed Ni 

50 is equal to or smaller than the predetermined value ANi, 
the start control unit 10 proceeds from the step S60 to 
steps S63 and S64, and performs the speed control op- 
eration to perform the drive operation and the power 
generation operation of the motor/generator 2 in accord- 

55 ance with the deviation of the sensed engine speed Ne 
from the target idle speed Ni. 
[0056] Thereafter, the start control unit 10 monitors 
the engine speed Ne and the target torque Ts of the 
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torque command for the motor/generator at steps S65 
~ S68, and terminates the drive and power generation 
control of the motor/generator 2, at a step S69, when 
the difference between Ne and Ni becomes equal to or 
smaller than the predetermined value ANi and at the 5 
same time the target torqueTs is equal to or smaller than 
the predetermined value ATs. 
[0057] The start control system according to the third 
embodiment controls the engine speed so that the en- 
gine speed increases up to the target idle speed Ni by io 
following up the gradually increasing target speed Nis, 
as shown in Fig. 8. This control system can prevent the 
engine speed from exceeding the target idle speed Ni, 
and prevent an overshoot. 

[0058] Thus, this control system can prevent a shock *5 
in engine starting, and smoothly increase the driving 
force in vehicle starting. Moreover, when the explosion 
is incomplete, this control system can prevent an engine 
stall due to changeover of the motor/generator 2 to the 
power generation mode. 20 
[0059] Fig. 9 shows a control process according to a 
fourth embodiment of the present invention. The control 
system according to the fourth embodiment is config- 
ured to control the drive, the power generation and the 
control termination of the motor/generator 2 in accord- ss 
ance with the number of engine cycles. 
[0060] At steps S71 and S72, the start control unit 1 0 
checks if there is an engine start command as in the 
steps S1 and S2 of Fig. 2. 

[0061] When there is an engine start command, the 30 
start control unit 1 0 sets a drive torque Tma of the motor/ 
generator 2 at a step S73, and drives the motor/gener- 
ator 2 at a step S74. In this example, the drive torque 
Tma is set equal to a predetermined constant value with- 
in operating limits of the motor/generator 2. The engine 35 
control system starts the fuel injection simultaneously 
with the drive of the motor/generator 2. 
[0062] Then, the start control unit 1 0 reads the sensor 
signal from the engine revolution sensor 9 at a step S75, 
counts the number S of engine cycles at a step S76, and <o 
checks, at a step S77, if the number S of engine cycles 
becomes equal to or greater than a predetermined 
number S1. The number S of engine cycles is deter- 
mined by counting cylinder discrimination signals pro- 
duced in accordance with the crank angle. The prede- <s 
termined number S1 is set to such a value that each 
cylinder completes one cycle. For example, the prede- 
termined number S1 may be 6 or 7 in the case of an 
engine having six cylinders. 

[0063] When the number S becomes equal to or so 
greater than S1 , the start control unit 1 0 proceeds to 
steps S78 - S80, in which the control unit 10 reads the 
crank position 6 and checks if the crank position 6 reach- 
es a predetermined advanced position advanced by a 
predetermined crank angle 8s from the ignition timing & 
ADVs of the next cylinder. The ignition is started from 
the next cylinder at the ignition timing ADVs. Thus, the 
start control unit 1 0 checks, at the step S80, if 8 is equal 
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to or greater than (ADVs - 8s). 
[0064] When 8 becomes equal to or greater than (AD- 
Vs - 8s), the start control unit 1 0 sets a power generation 
torque Tga at a step S81 , and switches the operating 
mode of the motor/generator 2 from the drive mode to 
the power generation mode at a step S82. 
[0065] Thus, the control system switches the opera- 
tion mode of the motor/generator 2 to the power gener- 
ation mode just before the ignition timing of the cylinder 
to undergo the first firing after about one round from the 
fuel injection. The crank angle 8s is a predetermined val- 
ue corresponding to a delay in changeover of the motor/ 
generator 2 to the power generation mode, and power 
generation of the motor/generator 2. The power gener- 
ation torque Tga is determined in accordance with the 
time from the start of the engine cranking operation by 
lookup from having a characteristic similar to the char- 
acteristic of the power generation torque Tg (as shown 
in Fig. 3). Alternatively, the power generation torque Tga 
is fixed at a predetermined constant value. 
[0066] Then, at steps S83 ~ S86, the start control unit 
10 checks if the number S of engine cycles becomes 
equal to or greater than a predetermined number S2 
which is greater than S1, and terminates the power gen- 
eration of the motor/generator when S £ S2. 
[0067] The number S2 is set equal to a number of en- 
gine cycles by which each cylinder reaches the state of 
complete explosion and the engine speed increases to 
a value close to the idle speed. For example, S2 is equal 
to 1 5 or 1 6 in the case of an engine having six cylinders. 
[0068] As in the second embodiment, it is optional to 
compare the engine speed with an engine stall judging 
speed Nie, and repeats the step S73 and the subse- 
quent steps if the engine speed Ne becomes lower than 
Nie. 

[0069] Thus, this control system controls the drive, 
power generation and termination of the motor/genera- 
tor 2 in accordance with the number S of engine cycles, 
and thereby prevents an overshoot in the engine speed 
sufficiently as shown in Fig. 10. 
[0070] The control system counts the number of cy- 
cles and switches the motor/generator 2 to the power 
generation mode in time with the ignition of the first cyl- 
inder to fire. Therefore, the motor/generator 2 can start 
absorbing torque adequately simultaneously with the 
complete explosion. Accordingly, the engine speed Ne 
is increased quickly to the idle speed Ni without requiring 
a long duration of power generation. 
[0071] The control system of this embodiment can 
prevent a shock in engine starting, and increase the driv- 
ing force in vehicle starting smoothly and quickly, and 
facilitate the control. 

[0072] In this example, the motor/generator 2 is 
switched to the power generation mode just (a prede- 
termined crank angle 6s) before the ignition of the first 
cylinder to fire. However, it is optional to switch the op- 
erating mode of the motor/generator 2 to the power gen- 
eration mode substantially simultaneously with the igni- 
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tion timing AD Vs. 

[0073] Instead of counting the number of engine cy- 
cles, the control system may be arranged to count the 
time elapsed from a start of engine cranking, and to con- 
trol the drive, power generation and termination of the 5 
motor/generation 2 in accordance with the elapsed time. 
The time counting in place of the cycle counting further 
simplifies the control. 

[0074] The control system in each of the preceding 
embodiments is configured to produce an engine start 10 
command signal when the brake sensor signal turns off. 
This configuration is adequate when the invention is ap- 
plied to the automatic engine stop and restart system. 
In the case of a normal engine start control system, it is 
optional to regard an operation of an ignition switch of *5 
a vehicle as an engine start command signal. 
[0075] This application is based on a Japanese Pat- 
ent Application No. 11 -9366. The entire contents of this 
Japanese Patent Application with a filing date of Janu- 
ary 1 8, 1 999 are hereby incorporated by reference. 20 
[0076] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 25 
in the art in light of the above teachings. The scope of 
the invention is defined with reference to the following 
claims. 



Claims 

1 . An engine control system comprising: 

an engine (9) for a vehicle; 35 
a motor/generator (2) having a drive mode for 
driving the engine to start the engine (9) and a 
power generation mode for converting me- 
chanical energy from the engine into electric 
energy; 40 
a first input device (10) for producing a vehicle 
start command signal; 

a second input device for determining an en- 
gine revolution speed of the engine (9); and 
a controller for starting an engine cranking op- <*5 
eration to start the engine (9) by operating the 
motor/generator (2) in the drive mode in re- 
sponse to the start command signal, 

characterised in that said controller is for measur- so 
ing a time from a start of the engine cranking oper- 
ation until the engine speed reaches a predeter- 
mined engine speed value, for calculating an elec- 
tric power generation quantity in accordance with 
the time, and for controlling the power generation 55 
of the motor/generator (2) in accordance with the 
power generation quantity after the arrival of the en- 
gine speed at the predetermined engine speed val- 



ue. 

2. The engine control system according to claim 1 
wherein the predetermined engine speed value is 
set equal to an idle speed. 

3. The engine control system according to claim 1 
wherein the predetermined engine speed value is 
set equal to a cranking speed lower than an idle 
speed. 

4. The engine control system according to claim 3 
wherein the controller is configured to monitor the 
engine speed during the power generation control 
operation to determine whether the engine speed 
becomes equal to or lower than a predetermined 
engine stall judgment speed which is lower than the 
cranking speed, and to restart the engine cranking 
operation if the engine speed becomes equal to or 
lower than the predetermined engine stall judgment 
speed. 

5. The engine control system according to claim 1 
wherein the controller is configured to terminate the 
engine cranking operation and instead to start a 
power generation control operation based on the 
power generation quantity when the engine speed 
becomes equal to or higher than the predetermined 
engine speed value. 

6. The engine control system according to claim 5 
wherein the controller is configured to terminate the 
power generation control operation and instead to 
start a speed control operation to control the motor/ 
generator so as to reduce a speed deviation of the 
engine speed from a target speed when the devia- 
tion becomes equal to or smaller than a predeter- 
mined value. 

7. The engine control system according to claim 6 
wherein the predetermined engine speed value is 
equal to the target speed. 

8. The engine control system according to claim 5 
wherein the controller is configured to monitor a 
speed difference between the engine speed and a 
desired target speed after an engine starting oper- 
ation and a target torque represented by a torque 
command signal to control the torque of the motor/ 
generator, and terminate the engine starting oper- 
ation of the motor/generator when the speed differ- 
ence is equal to or smaller than a predetermined 
value and at the same time the target torque is equal 
to or smaller than a predetermined value. 

9. The engine control system according to claim 1 , 
wherein the second input device determines an en- 
gine revolution speed of the engine (9) by sensing 
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revolution of at least one of the engine (9) and the 
motor/generator (2), and the controller is further 
configured for producing a speed condition signal 
when the engine speed reaches a predetermined 
engine speed value, also for responding to the 
speed condition signal by terminating the engine 
cranking operation and instead starting a gradual 
speed increasing operation to control the motor/ 
generator so as to increase the engine speed grad- 
ually to a desired target speed. 10 

3. 

10. The engine control system according to claim 9 
wherein, in the gradual speed increasing operation, 
the controller is configured to increase a transient 
target speed gradually to the desired target speed w 
which is a desired after-start target speed after an 4. 
engine starting operation, and to control the motor/ 
generator (2) in one of the drive mode and the pow- 
er generation mode in accordance with a deviation 
of the engine speed from the transient target speed. 20 

11. The engine control system according to claim 9 
wherein the controller is configured to monitor a 
speed difference between the engine speed and a 
desired afterstart speed after an engine starting op- 25 
eration and a target torque represented by a torque 
command signal to control the torque of the motor/ 5. 
generator (2), and to determine a timing of terminat- 
ing the engine starting operation of the motor/gen- 
erator (2) in accordance with the speed difference so 
and the target torque. 

PatentansprOche 

35 6. 

1. Ein Motorsteuersystem, umfassend: 

einen Motor (9) fur ein Fahrzeug; 
einen Motor/Generator (2) mit einem Antriebs- 
modus zum Antreiben des Motors, urn den Mo- 40 
tor (9) zu starten, und einem Stromerzeugungs- 
modus zum Umwandeln mechanischer Ener- 
gie des Motors in elektrische Energie; 
ein erstes Eingabegerat (10) zum Erzeugen ei- 7. 
nes Fahrzeugstartkommandosignals; 45 
ein zweites Eingabegerat zum Ermitteln einer 
Drehzahl des Motors (9); und 

ein Steuergerat zum Starten eines Motoran- 8. 
lassbetriebs, urn den Motor (9) in Antwort auf 
das Start kommandosignal durch Betatigen des 50 
Motor/Generators (2) im Antriebsmodus anzu- 
lassen, 

dadurch gekennzeichnet, class das Steuergerat 
konfiguriert ist, um eine Zeit vom Starten des Mo- ss 
toranlassbetriebs zu messen, bis die Drehzahl ei- 
nen vorbestimmten Drehzahlwert erreicht, um eine 
Erzeugungsmenge an elektrischer Leistung in 



Ubereinstimrnung mit der Zeit zu berechnen, und 
urn die Stromerzeugung des Motor/Generators (2) 
in Ubereinstimrnung mit der Leistungserzeugungs- 
menge nach der Ankunft der Drehzahl bei dem vor- 
s bestimmten Drehzahlwert zu steuem. 

2. Das Motorsteuersystem nach Anspruch 1, wobei 
der vorbestimmte Drehzahlwert einer Leerlauf dreh- 
zahl glelch gesetzt ist. 

Das Motorsteuersystem nach Anspruch 1, wobei 
der vorbestimmte Drehzahlwert einer Kurbeldreh- 
zahl gleich gesetzt ist, die niedriger ais eine Leer- 
laufdrehzahl ist. 

Das Motorsteuersystem nach Anspruch 3, wobei 
das Steuergerat dazu konfiguriert ist, die Drehzahl 
wahrend des Stromerzeugungssteuerbetriebs zu 
uberwachen, um zu bestimmen, ob die Drehzahl 
gleich oder kieiner als eine vorbestimmte Motorab- 
wurgbeurteilungsdrehzahl wird, die kieiner als die 
Kurbeldrehzahl ist, und um den Motoranlassbetrieb 
neu zu starten, wenn die Drehzahl gleich Oder kiei- 
ner als die vorbestimmte Motorabwurgbeurtei- 
lungsdrehzahl wird. 

Das Motorsteuersystem nach Anspruch 1, wobei 
das Steuergerat dazu konfiguriert ist, um den Mo- 
toranlassbetrieb zu beenden und anstelle dessen 
einen Stromerzeugungssteuerbetrieb, basierend 
auf der Leistungserzeugungsmenge, zu starten, 
wenn die Drehzahl gleich oder groBer als der vor- 
bestimmte Drehzahlwert wird. 

Das Motorsteuersystem nach Anspruch 5, wobei 
das Steuergerat dazu konfiguriert ist, um den 
Stromerzeugungssteuerbetrieb zu beenden und 
anstelle dessen einen Drehzahlsteuerbetrieb zu 
starten, um den Motor/Generator zu steuem, um ei- 
ne Drehzahlabweichung der Drehzahl von einer 
Zieldrehzahl zu reduzieren, wenn die Abwelchung 
gleich oder kieiner ais ein vorbestimmter Wert wird. 

Das Motorsteuersystem nach Anspruch 6, wobei 
der vorbestimmte Drehzahlwert gleich der Zieldreh- 
zahl ist. 

Das Motorsteuersystem nach Anspruch 5, wobei 
das Steuergerat dazu konfiguriert ist, um nach ei- 
nem Motorstartbetrieb eine Drehzahlabweichung 
zwischen der Drehzahl und einer erwunschten 
Zieldrehzahl, und ein Zieldrehmoment, dargestellt 
durch ein Drehmomentkommandosignal zum Steu- 
em des Drehmoments des Motor/Generators, zu 
uberwachen, und um den Motorstartbetrieb des 
Motor/Generators, wenn die Drehzahlabweichung 
gleich oder kieiner ats ein vorbestimmter Wert und 
zur selben Zeit das Zieldrehmoment gleich oder 
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kleiner als ein vorbestimmter Wert ist, zu beenden. 

9. Das Motorsteuersystem nach Anspruch 1, wobei 
das zwelte Eingabegerat eine Drehzahl des Motors 

(9) durch Messen der Umdrehung von zumindest 5 
des Motors (9) oder des Motor/Generators (2) er- 
mittelt, und das Steuergerat femer konfiguriert ist, 
urn ein Drehzahlzustandssignal zu erzeugen, wenn 
die Drehzah! einen vorbestimmten Drehzahlwert er- 
reicht, und ebenso, urn auf das Drehzah Izustands- 10 
signal durch Beenden des Motoranlassbetriebs zu 
antworten, und anstelle dessen einen kontinuierli- 
chen Drehzahlerhohungsbetrieb zu starten, um den 
Motor/Generator so zu steuern, um die Drehzahl 
kontinuierlich auf eine erwunschte Zieldrehzahl zu *5 
erhohen. 

10. Das Motorsteuersystem nach Anspruch 9, wobei 
das Steuergerat dazu konfiguriert ist, um in dem 
kontinuierlichen Drehzahlerhohungsbetrieb eine 20 
Durchgangszieidrehzahl kontinuierlich auf die er- 
wunschte Zieldrehzahl zu erhohen, die eine er- 
wunschte Nach-Start Zieldrehzahl nach einem Mo- 
torstartbetrieb ist, und um den Motor/Generator (2) 

in entweder den Antriebsmodus Oder den Stromer- 25 
zeugungsmodus entsprechend einer Abweichung 
der Drehzahl von der Durchgangszieidrehzahl zu 
steuern. 

11. Das Motorsteuersystem nach Anspruch 9, wobei 30 
das Steuergerat dazu konfiguriert ist, um nach ei- 
nem Motorstartbetrieb eine Drehzahlabweichung 
zwischen der Drehzahl und einer erwunschten 
Nach-Start Drehzahl, und ein Zieldrehmoment, dar- 
gestellt durch ein Drehmomentkommandosignal 35 
zum Steuern des Drehmoments des Motor/Gene- 
rators (2), zu uberwachen, und um einen Zeitpunkt 
des Beendens des Motorstartbetriebs des Motor/ 
Generators (2) in Ubereinstimmung mit der Dreh- 
zahlabweichung und dem Zieldrehmoment zu be- <o 
stimmen. 

Revendications 

45 

1 . Systeme de commande de moteur comprenant: 

un moteur (9) pour vehicule; 
un moteur/g6n§rateur (2) comportant un mode 
entratnement pour entraTner le moteur pour de- so 
marrer le moteur (9) et un mode production 
d'6nergie pour convertir i'6nergie mecanique 
provenant du moteur en energie eiectrique; 
un premier dispositif d'entr6e (10) pour produi- 
re un signal de commande de demarrage du ss 
vehicule; 

un second dispositif d'entree pour determiner 
une Vitesse de rotation du moteur (9); et 
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un dispositif de commande pour demarrer une 
operation de demarrage du moteur pour d£- 
marrer le moteur <9) en faisant fonctionner le 
moteur/g6n6rateur (2) en mode entraTnement 
en reponse au signal de commande de demar- 
rage, 

caracterise en ce que (edit dispositif de comman- 
de sert 6 mesurer un temps a partir d'un demarrage 
de I'operation de demarrage du moteur jusqu'6 ce 
que ia Vitesse du moteur atteigne une valeur de Vi- 
tesse de moteur predeterminee, pour cateuier une 
quantity de production d'energie eiectrique en fonc- 
tion du temps, et pour commander la production 
d'energie du moteur/generateur (2) en fonction de 
ia quantity de production d'energie une fois que (a 
vaieur de Vitesse du moteur predetermined a ete 
atteinte. 

2. Systeme de commande de moteur selon la reven- 
dication 1 , dans lequel la vaieur de Vitesse du mo- 
teur predeterminee est reglee pouretre egale d une 
vitesse de ralenti. 

3. Systeme de commande de moteur selon la reven- 
dtcation 1 , dans lequel la vaieur de vitesse du mo- 
teur pr6d6terminee est regtee pouretre egale & une 
vitesse de demarrage inferieure & une vitesse de 
ralenti. 

4. Systeme de commande de moteur selon la reven- 
dication 3, dans lequel le dispositif de commande 
est configure pour surveiiler la vitesse du moteur 
pendant I'operation de commande de production 
d'energie pour determiner si la vitesse du moteur 
est egale ou inferieure & une vitesse devaluation 
de calage du moteur predeterminee qui est inferieu- 
re k la vitesse de demarrage, et pour redemarrer 
('operation de demarrage du moteur si (a vitesse du 
moteur est egale ou inferieure & la vitesse d' evalua- 
tion de calage du moteur predeterminee. 

5. Systeme de commande de moteur selon la reven- 
dication 1 , dans iequel le dispositif de commande 
est configure pour arreter ('operation de demarrage 
du moteur et, au lieu de cela, pour demarrer une 
operation de commande de production d'energie 
basee sur la quantite de production d'energie (ors- 
que la vitesse du moteur est egale ou supeheure k 
la vaieur de vitesse du moteur predeterminee. 

6. Systeme de commande de moteur selon la reven- 
dication 5, dans iequel le dispositif de commande 
est configure pour arr§ter Poperation de commande 
de production d'energie et, au lieu de cela, pour de- 
marrer une operation de commande de vitesse pour 
commander le moteur/gen6rateur afin de reduire un 
ecart de vitesse de la vitesse du moteur par rapport 
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a une Vitesse cible lorsque Tecart est egal ou inf£- 
rieur & une valeur pr6d6terminee. 

7. Systeme de commande de moteur selon la reven- 
dication 6, dans lequel !a valeur de vitesse du mo- 
teur predeterminee est egale a la valeur cible. 

8. Systeme de commande de moteur selon la reven- 
dication 5, dans lequel le disposltif de commande 
est configure pour surveiller une difference de Vi- 
tesse entre la vitesse du moteur et une vitesse cible 
souhaitee apres une operation de demarrage du 
moteur et un couple cible reptesente par un signal 
de commande de couple pour commander le couple 
du moteur/g6n§rateur, et pourarreter reparation de 
demarrage du moteur/g6n6rateur lorsque la diffe- 
rence de vitesse estegaleou inferieure 6 une valeur 
pr6determinee et, en m£me temps, lorsque le cou- 
ple cible est 6gal ou interieur & une valeur prede- 
terminee. 

9. Systeme de commande de moteur selon la reven- 
dication 1 , dans lequel le second disposltif d'entr6e 
determine une vitesse de rotation du moteur (9) par 
la detection de la rotation d'au moins Tun du moteur 
(9) et du moteur/g6n6rateur (2), et le dispositif de 
commande est, en outre, configure pour produire 
un signal de regime de vitesse lorsque la vitesse du 
moteur atteint une valeur de vitesse de moteur pre- 
determinee, et egalement pour repondre au signal 
de regime de vitesse en arretant Pop6ration de de- 
marrage du moteur et, au lieu de cela, en demarrant 
une operation d'augmentation de vitesse graduelle 
pour commander le moteur/g6n6rateur afin d'aug- 
menter graduellement la vitesse du moteur jusqu'& 
une vitesse cible souhaitee. 

10. Systeme de commande de moteur selon la reven- 
dication 9, dans lequel, pendant ['operation d'aug- 
mentation de vitesse graduelle, le dispositif de com- 
mande est configure pour augmenter graduelle- 
ment une vitesse transitoire cible jusqu'6 la vitesse 
cible souhait6e, qui est une vitesse cible post-d6- 
marrage souhaitee apres une operation de demar- 
rage du moteur, et pour commander le moteur/g6- 
nerateur (2) pendant Tun du mode entralnement et 
du mode production d'energie en fonction d'un ecart 
de la vitesse du moteur par rapport & une vitesse 
transitoire cible. 

11. Systeme de commande de moteur selon la reven- 
dication 9, dans lequel le dispositif de commande 
est configure pour surveiller une difference de vi- 
tesse entre la vitesse du moteur et une vitesse post- 
demarrage souhaitee apres une operation de de- 
marrage du moteur et un couple cible reptesente 
par un signal de commande de couple pour com- 
mander le couple du moteur/generateur (2), et pour 
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determiner une synchronisation de i'arret de rope- 
ration de demarrage du moteur du moteur/genera- 
teur (2) en fonction de la difference de vitesse et du 
couple cible. 
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